The importance of fixatives in the study of internal structures of bacteria is evidenced in papers by Murray (1953) , Cassel and Hutchinson (1955) , and by Robinow (1956b) . The primary purpose of the use of these substances is to maintain, without distortion, the structure and material in the site in the cell where it functioned. In addition, the fixative may in some cases bring about changes in the substrate that are advantageous in staining the material. Few techniques or methods have been available to check the effectiveness of these substances. In this work it is proposed to use the hydrogen chloride method of staining (Chance, 1954) for this purpose. The method does not make use of a fixative prior to staining unless hydrogen chloride could be considered a fixative. This is not likely since in a modified staining procedure the stain can be used before the exposure of the cells to the gas. The distribution and shape of the stained material in cells of air dried smears was apparently a function of exposure to the gas.
MATERIALS AND METHODS
Escherichia coli was used as the experimental organism. The cells were grown on slants of cystine trypticase agar to which had been added 0.5 per cent each of dextrose, lactose, sucrose, and a trace of yeast extract. Agar was added in amount required to bring the percentage in the medium up to 1.5 per cent. The cells used in this study were from cultures which had been incubated at about 30 C for about 24 hr. Cells from younger or older cultures could have been used.
Long smears were made in the usual way and allowed to dry. The cells in the central portion of the smear were directly exposed to the gas while those toward either end were exposed to a gradual decrease in the concentration of the gas. At or near the ends of the smear the cells were not sufficiently exposed to the gas to react in the staining process. These cells stained the same as comparable cells in smears made on separate slides and stained without exposure to hydrogen chloride. The cells stained uniformly, with little contrast and had a faded light pink color. The first effect of the gas upon staining was indicated by the appearance of more intensely stained material which was widely distributed in the cell. The material looked pitted, granular, or fibrillar. In some cases there was a very narrow colorless border around the more intensely stained area.
As the exposure of the cells to more gas gradually increased toward the center of the smear, there was a change in the distribution and shape of the stained material from that which was widely distributed to that which appeared as bars or a row of oval or round shaped bodies in the long axis of the cell, or to a single oval or round structure in the center or to one side of the cell. If the cells were exposed to the gas over a longer period of time the stainable material appeared in a bandlike form across the middle of the cell. This type of behavior of the stainable material in response to the hydrogen chloride clearly indicates that the material is labile and that its shape and distribution in the cell after staining is correlated with the degree of exposure to the gas. The methods and results of the various treatments are as indicated in the legend and in the photographs. The cells in figures 1 to 3 were stained immediately after the smear was dry and may serve as a control. Since there was no fixation, stained round or oval bodies were observed as shown in figure 1 where the cells were directly exposed to the gas. Figures 2 and 3 was any injury or distortion of the reproductive structure it was not reflected in the offspring. It is also clearly indicated by the photographs that the cells (figure 6) which were heat fixed as in staining by the Gram method were much like those stained immediately after the smear was dry. This was also true of those cells which were killed by heat (63 C, 1 hr) in a water suspension ( figure 7) .
When the smears were immersed in some of the fixatives, the cells did not stain as readily or deeply as in untreated cells. While there was a difference in the degree of staining in the cells after exposure to picric acid, Carnoy and Schaudinn's solution, it was also evident in those cells exposed to the vapors of osmic acid. However, in either case discrete structures were stained in the cells and easily observed. These results, especially with reference to osmic acid, bring into question the value of this acid as a fixative in bacterial cytology. The result, however, is in agreement with Robinow (1956b) Cassel and Hutchinson (1955) , and Robinow (1956b) that the chromatin in the bacterial cell is labile and that great caution should be taken in interpretation of results even after some fixatives have been used. In view of the lability of the chromatin and the problem of interpretation and, further, in the view of the work of Murray (quoted from Robinow, 1956a) who states that, "Comparison with living bacteria suggests that all fixatives, Bouin's included, coarsen and exaggerate the features of chromatin bodies," would it not be well to stain other fractions of the nucleus which would probably be less subject to morphological changes. It is suggested that the protein fraction of the nucleus would probably be less subject to change in size, shape, and location in the cell in response to staining techniques and may give a better picture of the morphology and behavior of the nucleus. This point of view is well demonstrated by the crystal violet method of staining nuclear structures in the cocci (Chance, 1952) . After exhaustive tests of this method of staining, Clark and Webb (1955a) came to the conclusion that the stain reacts with the protein components of the nucleus. The same workers (1955b) compared the crystal violet method of staining to the acid giemsa and the thionin-SO2 methods and found that each revealed comparable structures. The crystal violet method, within its range of application, revealed even more detail of structure as this stain differentiates cell plates in Gaffkya tetragena (Chance, 1952) and in other cocci (Chance, 1953) .
It may be noted that no fixative is used in this method of staining and that in a modified procedure the dye comes directly into contact with the stainable material in the living cell. Since the statement is made by Murray, as quoted by Robinow (1956a) , that all fixatives coarsen or exaggerate the features of the chromatin bodies, it may be that a more ideal method of staining would be to bring the dye directly into contact with the stainable material without the use of fixatives. This in itself would not necessarily do away with all distortion but it would, at least, tend to lessen the amount and degree of distortion. This approach is based upon the general 1958] on September 23, 2017 by guest http://jb.asm.org/ Downloaded from CHANCE principle that the least manipulation and treatment of the cell prior to staining will in the long run result in fewer changes in the morphology and site of the stainable material in the cell. More procedures of this type should contribute to a better understanding of the internal structures of bacteria.
SUMMARY
A method has been offered for testing the effectiveness of fixatives used in studies on bacterial cytology. The method shows that drying, heat killing (either wet or dry), picric acid, Carnoy or Schaudinn's reagent, or the vapors of osmic acid did not fix the stainable material in the cell. This is in contrast to the results obtained with Bouin's fixative, formalin-aceto-alcohol, and chromic acid. The material in the cells exposed to the latter fixatives stained with less intensity but more uniformly, indicating that the stainable material remained in position. A suggestion is made that more use of the protein fraction of the nucleus be utilized in staining and study of the nucleus, and also that more direct methods of staining would be desirable.
